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AH EXPERIMEITTAL INVEST I GAT I QIT OF l^ACA StJH-IERGED 
AIR INLETS ON A l/ 5 -SCALE MODEL OF A 
FIGHTER AIRPLANE 
By Donald E. Gaiilt 


SUl'tMAEY 

The results of an esroerimental investigation of an NACA suhmerged- 
air-inlet system on a l/5-scale model of a fighter airplane are pre- 
sented. Preliminary developmental tests v/ere conducted to select the 
optimum entrance configuration. Dact-system total-pressxire losses and 
pressture distributions over the lip and ramp of this air intake were 
obtained. An estimate of the dynamic pressure recovery at the entrance 
to the jet engine and critical 1-fa.ch number of the inlet for the figliter 
airplane is made. It is shown that the inlet location investigated is 
unsatisfactory. 
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INTRODUCTION 

In conjunction with the general investigation being conducted by 
the NACA on jet-engine air inlets the development of a submerged-type 
inlet ha,s been undertaken. The initial experimental work on this inlet 
can be considered as having consisted of tv/o interdependent phases: 

(1) basic experimental investigations which were conducted on an 
isolated inlet mounted in a small wind cliannel (reference 1), and 

(2) wind-tunnel studies of conplete submerged-inlet systems on scale 
models of tv/o suitable aircraft. The results from the second phase have 
been published, in part, as reference 2, but due to the exigencies of 
v/artime wind-tunnel operation, the remaining data, obtained from a 
l/5-scale model of a fighter airplane, never progressed beyond preliminary 
form. Because of the considerable interest now existing in NACA sub- 
merged air inlets, the results of the l/5-scale-raodel investigation are 
presented herein. 

It will be noted that the plan-form shape of the approach (ramp) 
to the submerged entrance used for this investigation is not the shape 
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recoEmended as optiriuia in reference 1. The suhnerged-air-lnlet system 
for the l/5-scs2e model of the fighter airplane was designed prior to 
the completion of the first phase, and the data upon which the recom- 
mendations of reference 1 are based vere obtained subsequent to the v;ind- 
tunnel investigation of this inlet application. The difference in ramp 
ulan forms, which probably decreased the dynamic pressure recovery 2 to 
~6 percent in the lov;-inlet-velocity ratio range (Vg/Tg <0.?) in no v/ay 
reduces the value of these data as a guide for future submerged-inlet 
applications. 

These tests vrere requested by the Bureau of Aeronautics, Havy 
Denartment , and conducted in the Ames 7- hy 10-foot wind tunnel No. 2 
during the month of January 19^5. 


SYMBOLS 

The symbols used throughout the report are defined as: 


Cl 

AH 

AHp 

AHg 

M 

MCR 

P 

p 

CL 

Y 


lift coefficient ( ^ 

loss in total pressure measured between the free stream and the 
entrance to the jet engine, pounds per square foot 

loss in total pressure measured between the duct entrance and 
the entrance to the jet engine, pounds per square foot 

loss in total pressure measured between the free stream and the 
duct entrance , pounds per square foot 

Ifech number 

critical Mach number 


pressure coefficient 


/nji_P£ 

\ q.0 


) 


static pressure, pounds per sqtiare foot 
dynamic pressure HpY^) , pounds per square foot 
velocity, feet per second 
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Tq/Tq Inlet-velocity ratio 

a model angle of attack referred to fuselage reference line 

(wing has 1° incidence) , degrees 

p mass density, sltigs per cubic foot 

where the subscripts denote conditions for 

e duct entrance 

0 free streaju 

1 local conditions 

The expression "percent dynamic pressure recovery" is used to 
represent the term 100 [1 -(AH/qjo)3» It was ass-umed to be Independent 
of Mach number in estimating the dynamic pressure recovery for the 
fighter airplane. 


MODEL ALTD APPARATUS 

The l/5-scale model of the fighter airplane used in the investi- 
gation was originally constructed to simulate a Jet-boosted aircraft. 
Hov/ever, it was assumed for this eroerimental investigation tliat the 
conventional reciprocating engine w.s removed and that s\ifficient 
poijrer for all flight conditions v;as furnished solely by a Uestinghouse 
24-C Jet engine housed in the fuselage abaft the pilot’s enclosure. 
Pull-scale dimensions of the fighter aiipilane are given in table I, 
while figure 1 presents a three-view sketch of the airplane. A photo- 
graph of the model mounted in the wind tunnel is shown in figure 2. 

The model, constructed of laminated mahogany on a steel framework, \ra.s 
not provided v/ith a landing gear or empennage. A schematic view of the 
wind-tunnel test setup is given in figure 3» 

Por this application, twin 1IA.CA submerged entrances, symmetrical 
about a vertical plane passing tlirough the longitudinal axis of the 
model, were located along the sides of the fuselage. The lov;er v;all of 
the rairro was approximately I3 inches (full scale) above the v;lng chord 
plane with the lip of the submerged entrance situated immediately above 
the Juncture of the wing leading edge with the fuselage. Each inlet 
had an entrance area of 0.74? square foot (full scale) which, at 
550 miles per hour and an inlet-velocity ratio of O.60, v;ould furnish 
at 20,000 feet the required 35*7 pounds per second of air to the Vest- 
inghouse 24-C Jet engine. The air, after entering the twin submerged 
inlets, was ducted directly aft •until clear of the pilot's enclosure, 
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and then turned slightly downward and inboard to join in a comnon channel 
having an area of 3.1h2 square feet (full scale) at a distance 3*00 feet 
(full scale) ahead of the jet-engine coiroressor. Dimensional character- 
istics and photographs of the diffuser for the l/5-scale model are given 
in figure 4. The deflectors along the raiq) walls, which were found to be 
necessary for maximum ram recovery in reference 1, were molded from 
modeling clay to simplify making minor modifications in their size and 
shape while the model was installed in the wind tunnel. 

For the investigation reported herein, the air was drawn through the 
submerged-duct system by a centrifugal pujnp located outside the wind- 
tunnel test chamber; power for the puiro \<ras furnished by a variable- 
speed electric motor. Quantity flow through the ducting system was 
measured by a standard orifice located in the air conduit pipe which 
connected the model to the pump. Total-pressure losses were determined 
from an integrating manometer connected to a survey rake consisting of 
33 total-head tubes located 6 Inches (full scale) upstream of the entrance 
to the jet-engine compressor. Pressures over the lip and ramp of the 
submerged entrance were obtained from flush-type orifices located along 
the center line of the entry and connected to multiple-tube manometers. 

For several test conditions, total-head survey rakes were placed 5 inches 
(full scale) downstream of the leading edge of the lip to determine the 
location and magnitude of the duct-entrance pressure losses. 

To determine the efficiency of the internal ducting system, separate 
bench tests were conducted with the ducts removed from the model and 
large, bell-shape entrance cones attached to each inlet. Air v/as dravm 
through the system by a constant-speed blower and quantity flow varied 
by a butterfly-type valve located in the blower entrance. Pressure 
losses and quantity flow were measured with the same rake ajid orifice 
previously described and in a similar manner. 


PROCEDURE 

Prior to installing the model in the vrind t\mnel the efficiency of 
the internal ducting system was determined. This information together 
with entrance losses from a similar submerged inlet served as a guide ' 
in the development of the duct-entrance configuration which was thought 
to be the optimum for the given installation. 

Upon selection of the final submerged-inlet configuration, pressure 


^The method for estimating the maximum dynamic pressure recovery which 
could be expected in the v/ind tunnel v/as Identical to that given on 
page 6 of reference 2. 
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distri'butions over the lip and ran^, and duct-system total-pressure 
losses were measured at constant inlet-velocity ratios throughout a range 
of angles of attack for flaps retracted and flaps deflected 55°* 
effect of airplane yaw on the pressure losses was also determined at 
several inlet velocities and angles of attack. All pressures v;ere photo- 
graphically recorded. The critical Mach numbers were estimated hy the 
K^man-Tsien method outlined in reference 3* 

The lift curve and the relationship hetv/een the lift coefficient 
and inlet-velocity ratio for steady, level flight are given in figures 5 
and 6, respectively. To estimate the pressure losses and critical Mach 
number of the lip and ramp throughout the lnroortant speed range for the 
fighter airplane, ’’matched" lift coefficients and angles of attack cor- 
responding to the inlet-velocity ratios used in this investigation were 
determined for sea level and 20,000 feet operating conditions. V/ith 
this information, it was then possible to select the matched flight- 
condition values of AH/q^o from plots of the basic wind-tunnel 

data. 


The inlet-velocity ratio was set in the wind tunnel by relating it 
to the pressure drop across the standard orifice. For inlet-velocity 
ratios less than 1.6o, data \tere obtained at a tunnel dynamic pressure 
of ho pounds per square foot which, based on the mean aerodynamic chord 
of the model, corresponds to a Reynolds number of approximately l.h X 10®. 
Limitations of the centrifugal punro necessitated a reduction in the ve- 
locity of the vrf.nd tunnel for higher inlet-velocity ratios. Rotation 
is made v;here the data presented vrere obtained at lower Rejmolds numbers. 


RESULTS AM) LISCUSSIOII 
Internal Ihicting 

Bench tests on the internal ducting system showed a total-pressure 
loss of approximately 18 percent of the duct-entrance dynamic pressure. 
(See fig. 7.) Velocity distributions mea.sured at the plane of the survey 
rake (fig. 8) and a tuft study disclosed no regions of turbulent or 
separated flow, and it is probable that guide vanes would not have 
decreased this pressttre loss appreciably. 

Preliminary Studies 

The initial wind-tiinnel tests showed greater over-all total-pressure 
losses than had been expected for this installation. As a result, ■until 
the causes for the discrepancy v;ere discovered and the condition remedied, 
the original test program to determine the characteristics of the inlet 
through the flight range was temporarily postponed. 
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When the efficiency of the internal ducting system was considered, 
it appeared that some unknovm flow condition v;as causing entrance losses 
far in excess of those ordinarily oota-ina’ole with a su’onerged inlet. 

Readings from a tota,l-pressure survey rake (fig. 9 ) installed in the duct 
entrance verified the ahnormal nature of the losses and revealed that the 
region of low energy air v/as located in the corners of the inlets nearest 
the wing. Further investigation using tufts disclosed that upv;ash from 
the adjacent wing was effectively adding a component of flow perpendicular 
to the center line of the ramp and distorting the normal streamline pattern 
over the submerged entrance. This distortion was noticeable along only 
the lower side (i.e., the side nearest the wing) of the raiiro and resulted 
in senarated flov/ which passed dovmstream and into the inlet. The use 
of extended deflectors (reference 1) reduced the entrance losses markedly 
(fig. 9 ) with a consequent gain in the dynamic pressure recovery over 
that obtained \idth the plain duct (fig. lO)®. 

The use of deflectors for this investigation should not be considered 
solely as having been a means of preventing the boundary-layer air from 
entering the inlet as explained in reference 1. Tuft studies indicated 
that the lower deflectors prevented the oblique flow over the lower corner 
of the entrance and, hence, eliminated the pressure losses resulting from 
separation. Unfortunately, the height of the deflectors required to ac- 
con^lish this was more than twice that which was recommended in reference 1. 
A more forward inlet position, free from the influence of the wing-flow 
field, would have undoubtedly permitted the use of smaller deflectors 
simil^ to those investigated in reference 2. Rot only would the boundary- 
layer thickness have decreased, but the necessity for large lov/er deflectors 
to nrevent separation would have been eliminated. The upper and lower 
deflectors for this investigation v;ere made identical for reasons of 
symmetry only, although smaller deflectors a,long the upper edge of the 
ramo would have been equally effective. Ordinates and details of the 
final submerged-inlet configuration are shown in figure 11, 


Pressure Losses 

The total pressure losses at the simulated entrance to the jet engine 
and -oressure distributions over the lip and ramp were obtained upon selection 
of the final inlet configuration. Table II presents the total pressure 
losses as a fraction of the free-stream dynamic pressure AH/qQ for con- 
stant inlet-velocity ratios thro-ughout a range of angles of attack. 


^ These data v;ere obtained vri.th the pressure survey rakes installed in the 
duct entrance aud are shown for corroarative purposes only. 
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Figure 12 shovrs the variation at sea level and 20,000 feet of the 
duct-system total -pressure loss v;ith airplane lift coefficient for the 
fighter airplane as determined from this investigation. The percent 
dynajaic-pressure recovery as a function of airplane velocity is presented 
in figure I3 for the same conditions. It will he seen that the ma,ximum 
d;;namic-pressure recovery obtained v;as 83 percent for conditions 
simulating 550 miles per hour at sea level and 20,000 feet. Decrea-sing 
the flight speed to 350 miles per hour corresponded to only a 6-percent 
decrea,se in the recovery, hut thereafter it falls off more rapidly. For 
the taiic-off static-thrust condition when the frec-stream velocity and 
dynamic pressure are zero (Vg/Vo ssoo) approximately 33 percent of the 
duct-entrance djmamic pressure v;as lost. 

The effect of yaw on the ram recovery is presented in figure 14. ITo 
sudden discontinuities in the recovery for increasing angles of yav; are 
indicated. 

Again it should he noted that the plan-form shape of the ramp used 
for this investigation is not the optimum for maximum dynamic-pressure 
recovery. The recommendations given in reference 1 for the optimum rac^ 
shape are ha,sed on data obtained subsequent to the v;ind-tunnel tests 
reported herein. As mentioned before, this difference in ramp shapes 
amounts to a decrease in the ram recovery of approximately 2 to 6 percent, 
depending on the inlet-velocity ratio. 


Pressure Distribution 

The pressure distributions over the lip and ran^) are given in terms 
of the pressure coefficient P in tables III and IV, respectively. 
Inspection of these data will show a considerable variation in the distri- 
butions with angle of attack. Pressures over the basic fuselage contotir 
along the center line of the entry for several angles of attack (fig. 15) 
demonstrate that this variation is due primarily to the location of the 
inlet in the flow field of the wing. This effect on the critical Mach 
number of the lip® is clearly seen in figure I6. 

The variation v;ith true airspeed of the submerged- inlet criticaJ. 

Ilach number is given in figure I7 for the fighter aiirplane as determined 
from these data. 

Although the decrease in from sea level to 20,000 feet 

operating conditions is corroaratively small, it is directly attributable 
to the effect the change in angle of attack incurs in the velocities 

®The critical Mach number of the rarro is not presented since, for all 
conditions investigated, it v/as higher than that for the lip. 
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s\iper Imposed over the duct entrance. For an airplane having a higher 
wing loading and operating at greater altitudes, the resulting increased 
angle of attack for a given flight speed would have a more pronounced 
effect in reducing The pressure-distrihution data indicate that 

the critical Ifech number could have been increased if the entrance had 
been located 20 to 30 inches (ftdl scale) farther forward. The assuirrotion 
is made, however, that in moving the inlet forward the ramp would not 
be placed in the field of a strong pressure gradient as existed behind the 
cowl leading edge for this investigation (fig. 15). The pressure peak 
over the cowl, caused by zero inflow through the cov;l entrance, cannot 
be considered as representative for a more streamlined nose shape which 
would be incorporated on a corroletely jet-propelled aircraft. 

It is emphasized that selection of the final duct-entrance config- 
uration was based solely on considerations of maxiniun dynamic -pres sure 
recovery and critical Mach number of the lip and ramp. No drag evaluations 
or deflector critical Mach number studies were made. 


Duct-flow Instability 

Throughout this investigation an unstable duct flow occurred at 
inlet-velocity ratios less than approximately 0.45. This instability 
originated with a decrease in quantity flow through one inlet and an 
Increase in quantity flow for the opposite inlet with no appreciable 
change in the total quantity flow through the internal ducting system. 

The divergence from equal flows through the twin entries continued until 
zero Inflow resulted in the one d-uct , at which time a conrolete reversal 
took place and the flows through the two entries equalized. The distur- 
bance was cyclic and, once started, continued until the total quantity 
flow through the system was increased sufficiently to raise the average 
inlet-velocity ratio above approximately 0.45. The decrease in flow 
from the stable condition always occurred in the same inlet. No pressure 
losses or pressure-distribution measTirements could be measured due to 
the rapid fluctuations of the liquid in the manometer tubes. 

It cannot be assumed, hov;ever, that the instability would occTir at 
these same values of inlet-velocity ratio on the fighter airplane. The 
unstable regime is a function of the losses in the internal ducting 
system, and differences in fabrication, even between individ-ual production- 
line aircraft, would consequently cause small variations in the value of 
the inlet-velocity ratio at v;hich instability commenced. Mechanical 
methods of eliminating this condition are discussed in reference 2. 
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COKCLUSIOIIS 

The results of a v;ind-tunnel investigation of an MCA suhnerged- 
air -inlet system on a l/ 5 -scale model of a fighter airplane indicate 
that : 


1. Tlie location of the duct entrance was unsatisfactory due to its 
position in reference to the wing. 

2. A submerged inlet should not he placed on a surface where flow 
ohliq.ue to the center line of the ramp will occur. 

3» A submerged inlet should not be placed on a surface \tfhere hi^ 
incremental velocities will be super iJi 5 )osed over the ramp and lip. 


Ames Aeronautical Laboratory, 

national Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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TASLE I 

DIMEITSIOITS OF THE FIGHTER AIRPIAIIE 


Airplane , general 



Over -all ST)an 


40 ft, 0 in. 

Orer-all length 



Over -all hei^t (at rest) 



VIeight 



Wing 



Airfoil section 



Root 



Tip 


HAGA 652-115(3^0.5) 

Total area 


275 sq ft 

Chord 



Root 


112 in. 

Tin 



Mean aerodynamic chord . 



Dihedral angle of chord plane 


Center panel 


0 ° 

Outer panels 


7-1/2° 

Incidence (with respect to 

fuselage reference line) 1 ° 

Flaps 



Type 


, Douglas retractable deflecting slot 

Span 



Inner 



Outer 


ft, 8-1/2 in. 

Chord 



Total area 


30.25 so ft 

Engine 



Rating 





sea level ( 12,000 rpm) 
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TABLE II 

DUCT-SYSTEI -1 TOTAL-ERESSEEE LOSSES FOB THE l/ 5 -SCALE MODEL 
OF THE FIGHTER AIEPIAHE EQUIPPED WITH 
HACA SU 3 I-ERGED AIR IlILETS 


Flaps Retracted 

Total PressTire Loss, AH/q^ 

a 

Ve/Vo\ 

-3.76 

- 2.68 

-1.60 

-0.49 

0.61 

1.71 

2.80 

3.90 

6.07 

9.31 

0.5 

0.157 

0.168 

0.172 

0.193 

0.209 






0.6 

.171 

.163 

.163 

.173 

.178 

.183 

— 

— 

— 

— 

0.8 

.179 

.178 

.178 

.188 

.194 

.188 

.189 




1.0 

— 

.215 

.219 

.230 

.231 

.240 

.236 

.236 

- - 

— 

1.2 

— 

- - 

.271 

.280 

.292 

.301 

.293 

.290 

.285 

— 

1.4 

— 

— 

— 

.377 

.372 

.372 

.370 

.374 

.393 

.374 

1.6 

— 


— 

— 

.480 

.486 

.488 

.488 

.498 

.494 

2.0 

-14 

1 

- - 

— 

— 

— 

.754 

.752 

.760 

.744 

.749 

2.5 


— 

— 


— 

— 

1.223 

1.203 

1.179 

1.195 

Flaps Deflected 55 ° 

Ve/Vo 

60 

-2.55 

-0.33 

1.90 

4.10 

6.23 

8.44 

10.65 

2.5 

1.161 

1.173 

1.195 

1.236 

1.257 

1.226 

1.195 

1.161 

3.0 

1.663 

1.696 

1.794 

1.878 

1.857 

1.917 

1.857 

1.758 

3.5 

2.049 

2.088 

2.148 

2.290 

2.358 

^.358 

2.300 

2.279 

4.0 

2.660 

2.773 

2.870 

2.973 

3.074 

2.998 

2.915 

2.915 


COHFIDENTIAL 


NATIONAL ADVISORY 
COMMITTEE FOt AERONAUTICS. 


CONFIDENTIAL 


TABLE III 


PRESSURE DISTRIBUTION OVER THE LIP OF THE NACA SUBMERGED AIR INLET 
ON THE 1/5-5CALE MODEL OF THE FIGHTER AIRPLANE 


V,Ao = 0.60 



Pressure Coefficient, P 

^\Sta . 

Ins: 

Lde 



l'I 

JLk. £«. 

Outside 


23.80 

22.30 

22.05 

21.93 

21.83 

21.80 

21.83 

21.93 

22.05 

22.30 

o 

CO 

• 

CM 

CM 

23.30 

24.30 

25.30 

26.30 

-2.68 

0.S34 

0.489 

0.692 

0. 682 

0.667 

-0.127 

-0.494 

-0.433 

-0.473 

-0.463 

-0.382 

-0.371 

-0.321 

-0.3C0 

-0.204 

-1*60 

.619 

.483 

.692 

.687 

.667 

1 

• 

CO 

00 

-.696 

-.509 

-.650 

-.545 

-.458 

-.443 

*•392 

-.361 

-.264 

-•49 

.494 

.453 

• 662 

.677 

.662 

-.193 

-.616 

-.639 

-.590 

-.696 

-.514 

-.499 

-.463 

-.412 

-.300 

• 61 

.468 

.422 

.687 

.682 

.'667 

-.178 

-.646 

-.676 

-.636 

-.666 

-.690 

-.676 

-.524 

-.489 : 

-.366 

2*80 

.463 

.407 

.687 

.677 

.667 

-.188 

-.733 

-.667 

-.763 

-.799 

-.738 

-.728 

-.667 

-.626 

-.483 

6^07 

.473 

.392 

.692 

.687 

.677 

-.142 

-.799 

-.789 

-.911 

-.967 

-.962 

-.941 

-.060 

-.814 

-.646 







- 

0.80 








-2*86 

.263 

.182 

.076 

•197 

.760 

• 354 

-•111 

-.187 

-.273 

-.354 

-.339 

-.349 

-.324 

-.319 

-.228 

-1.60 

.273 

.197 

.091 

.223 

.770 

• 309 

-.177 

-.258 

-.329 

-.41C 

-.390 

-.396 

-.376 

-.366 

-.268 

-•49 

.263 

.167 

.061 

.187 

.744 

• 304 

-.213 

-.273 

-.376 

-.466 

-.450 

-.466 

-.436 

-.425 

-.304 

• 61 

.233 

.137 

.010 

.162 

.719 

• 304 

-.243 

-.314 

-.425 

-.632 

-.826 

-.646 

• .516 

-.496 

-.366 

2.80 

.244 

.112 

-.041 

.097 

.672 

.326 

-.286 

-.372 

-.609 

-.662 

-.662 

-.687 

-.656 

-.631 

— .488i 

6.07 

.244 

.041 

-.163 

-.076 

.468 

.458 

-.265 

-.417 

-.600 

-.819 

-.855 

-.886 

-.840 

-.794 

-.636 
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TABLE III** Concluded 


V.Ao = 1*00 1 

Pressure Coefficient^ P | 

\sta* 

h \ 

Inside 

Lip 

L.E. 

Outside 

i 

1 

1 

22.80 
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nSLE IV H 

PRESSUIffi DISTRIBUTIOIT OVSR THE RAI-IP OE TH3 ILiCA SIBI'IEIlGrllD AIR IlILET OH THS 
1/5-SCALE MODEL OE THE EIGHTER AIRPLAHE 
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TABIiE IV.- Concluded 
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FIGURE I. -GENERAL ARRANGEMENT OF THE FIGHTER 
AIRPLANE EQUIPPED WITH NACA SUBMERGED 
AIR INLETS. CONFIDENTIAL 


NA CA RM No. A7I06 


Fig. 2 



Figure 2.— The l/5-ecale model of the fighter airplane equipped with 
NA.CA auhmerged air inlets installed in the Ames 7— ty 10— foot wind- 
tunnel Wo. 2, 





Figure 3.— Schematic view of the wind-tunnel test setup for the I/ 5 — scale 
model of the fighter airplane equipped with NACA submerged air inlets. 
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TOTAL DUCT AREA. 
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Fig . 4 




A-11125 


Figure 4.— Dimensional Characteristics of the internal— ducting system / 
to the stimulated face of the Jetr-engine compressor for the l/5— 
scale model of the fighter airplane equipped with submerged ducts. 


EQUIVALENT CONE ANGLE, DEG. 
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ANGLE OF ATTACK, OC, DEG. 


FIGURE 5. -VARIATION OF THE LIFT 

COEFFICIENT WITH ANGLE OF ATTACK FOR 
THE I /5-SCALE MODEL OF THE FIGHTER 
AIRPLANE. RN= 1.41X10® 
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LIFT COEFFICIENT, Cl 
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FIGURE 6 . -VARIATION OF INLET- VELOCITY RATIO WITH LIFT 
COEFFICIENT FOR THE FIGHTER AIRPLANE EQUIPPED WITH A 
WESTINGHOUSE 24C JET ENGINE OPERATING AT MILITARY RATED 

POWER. DUCT- ENTRANCE AREA = L494^Q- FT. 
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Fig. 6 NACA RM No. A7106 
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DUCT- ENTRANCE DYNAMIC PRESSURE, 


FIGURE 7 -VARIATION OF THE INTERNAL-DUCTING LOSSES WITH DUCT- 
ENTRANCE DYNAMIC PRESSURE FOR THE I /5-SCALE MODEL OF THE 

FIGHTER AIRPLANE EQUIPPED WITH NACA SUBMERGED DUCT ENTRIES 
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Fig. 8 
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FIGURE 8.-DETAILS OF PRESSURE SURVEY RAKE AND 
VELOCITY DISTRIBUTIONS AT THE ENTRANCE /O 
THE JET ENGINE FOR THE 1/5-SCALE MODEL OF 

FIGHTER AIRPLANE- confidential 
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o') NO DEFLECTORS 


b) DEFLECTORS INSTALLED 


FIGURE 9-COMPARISON OF THE SUBMERGED INLET ENTRANCE LOSSES WITH 
AND WITHOUT DEFLECTORS FOR THE l/5-SCALE MODEL OF THE FIGHTER 


AIRPLANE. RN= 1.41X10^ 
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PERCENT DYNAMIC PRESSURE RECOVERY 


Fig. 10 


NACA RM No. A7106 


CONFIDENTIAL 

note: these data were 



FIGURE 10 . -EFFECT OF DEFLECTORS ON THE 

VARIATION OF THE DYNAMIC - PRESSURE RECOVERY 
WITH INLET - VELOCITY RATIO FOR THE I / 5- 
SCALE MODEL OF THE FIGHTER AIRPLANE. 
a=0% RN“ 1.41X10® 
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ALL ORDINATES AND STATIONS ARE IN INCHES 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


FIGURE I I.-LIP, RAMP, AND DEFLECTOR ORDINATES FOR THE FINAL CONFIGURATION 
OF THE NACA SUBMERGED AIR INLETS INVESTIGATED ON THE l/5-SCALE 
MODEL OF THE FIGHTER AIRPLANE, ^nfidenti^ 
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Fig. 12 NACA RM No. A7106 



FIGURE 12 .-VARIATION OF THE DUCT- SYSTEM 
PRESSURE LOSSES WITH LIFT COEFFICIENT 
FOR THE I/5-5CALE MODEL OF THE FIGHTER 
AIRPLANE. "MATCHED" FLIGHT CONDITIONS AT 
SEA LEVEL AND 20.0Q0 FT. 
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Fig. 13 



FIGURE 13 .-VARIATION OF THE DYNAMIC PRESSURE 
RECOVERY WITH TRUE AIRSPEED ESTIMATED FOR THE 
FIGHTER AIRPLANE. "MATCHED" FLIGHT CONDITIONS 
AT SE^ LEVEL AND 30.000 FT 
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Fig. 14 
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FIGURE 14. -VARIATION OF THE DYNAMIC - PRESSURE 
RECOVERY WITH ANGLE OF YAW FOR THE l/S- 

SCALE MODEL OF THE FIGHTER AIRPLANE. 
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DISTANCE FROM COWL LEADING EDGE, INCHES 


FIGURE I5.-PRCSSURE DISTRIBUTION OF THE BASIC FUSELAGE CONTOUR 
ALONG THE (L OF THE NACA SUBMERGED DUCT ENTRY. 1/5-SCALE 
MODEL OF THE FIGHTER AIRPLANE. RN=I.4HI0® 
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CRITICAL MACH NUMBER 


Fig. 16 


NACA RM No. A7106 


CONFIDENTI/^ 



INSIDE OF LIP 

OUTSIDE OF LIP 


.2 


NATIONAL ADVISORY 
COMMITTeE FOR AERONAUTICS 


.4 .6 .8 1.0 1.2 1.4 

INLET VELOCITY RATIO,^ 


FIGURE 16 . -EFFECT OF ANGLE OF ATTACK ON THE VARI- 
ATION OF THE LIP ESTIMATED CRITICAL MACH 
NUMBER WITH INLET- VELOCITY RATIO FOR THE l/S- 
SCALE MODEL OF THE FIGHTER AIRPLANE. 
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FLIGHT MACH NUMBER, Mo 
DUCT CRITICAL MACH NUMBER 
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Fig. 17 
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FIGURE I7.-VARIATION OF THE SUBMERGE D -DUCT- ENTRY 
ESTIMATED CRITICAL MACH NUMBER WITH JRUE 
AIRSPEED FOR THE FIGHTER AIRPLANE. "MATCHED 
FLIGHT CONDITIONS AT SEA LEVEL AND 20,000 FT. 
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